(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 094 031 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

25.04.2001 Bulletin 2001/17 

(21) Application number: 00917380.8 

(22) Date of filing: 20.04.2000 



(51) int ci. 7 : C01B 3/38, H01M8/06, 
H01M8/10, B01J8/06 

(86) International application number: 
PCT/JP00/02581 

(87) International publication number: 

WO 00/63114 (26.10.2000 Gazette 2000/43) 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Miura, Toshiyasu, 


MCNLPTSE 


Tokyo Gas Co. Ltd. 




Minato-ku, Tokyo 105-0022 (JP) 


(30) Priority: 20.04.1999 JP 11226799 


• Shirasakl, Yoshinorl, 


27.08.1999 JP 24106899 


Tokyo Gas Co. Ltd. 


11.01.2000 JP 2000002080 


Minato-ku, Tokyo 105-0022 (JP) 


(71 ) Applicant: TOKYO GAS CO., LTD. 


(74) Representative: 


Minato-ku, Tokyo 105-0022 (JP) 


ColNngwood, Anthony Robert et al 




McNeight & Lawrence, 




Regent House 




Heaton Lane 




Stockport, Cheshire SK4 1 BS (GB) 



CO 

o 

*r 
o> 
o 

Q. 
LU 



(54) SINGLE-PIPE CYLINDRICAL REFORMER AND OPERATION METHOD THEREFOR 



(57) A single-pipe cylinder type reformer produces a 
hydrogen-rich reformed gas by performing steam 
reforming for a reformation material gas such as town 
gas. A circular inner cylinder (3 or 68) is concentrically 
located inside an upright circular outer cylinder (1 or 1 0) 
forming the jacket of the reformer at a distance in the 
radial direction. Circular intermediate cylinders (2 or 60) 
are concentrically located between the outer cylinder 
and the inner cylinder at distances in the radial direc- 
tion, respectively. A circular radiation cylinder (4 or 14) 
is concentrically located inside the inner cylinder at a 
distance in the radial direction. A burner (8 or 18) fixed 
to one end portion of the reformer in the axial direction 
to be located in the center of the radiation cylinder in the 
radial direction and a steam generator (34) are dis- 
posed inside the outer cylinder. A plurality of annular 
paths communicating with each other are formed in 
laminar shapes between the inner cylinder, the interme- 
diate cylinders, and the outer cylinder to form a reform- 
ing catalyst layer (5 or 13), CO converter catalyst layer 
(11) and/or CO selective oxidizing catalyst layer (12), 
and a cooling fluid path (48) for feeding a reformation 
material gas and reforming water, and air path (42). 
According to this reformer, buckling of each constituent 
member is prevented to prevent a decrease in operation 
performance, and a heat radiation loss is reduced, thus 



realizing a compact reformer with high start-up speed 
and high operation efficiency. Furthermore, since this 
reformer can produce a hydrogen-rich reformed gas 
having low CO concentration, the reformer is best suited 
for use in combination with a polymer electrolyte fuel 
cell. 
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Description 

TECHNICAL FIELD: 

[0001] The present invention relates to a single- s 
pipe cylinder type reformer for manufacturing a hydro- 
gen-rich reformed gas by steam-reforming a hydrocar- 
bon-based crude fuel such as town gas, natural gas, or 
LPG or an alcohol and, more particularly, to a reformer 
used in combination with a polymer electrolyte fuel cell. 10 

BACKGROUND ART: 

[0002] A reformer is an apparatus for producing a 
(hydrogen-rich) reformed gas having a high hydrogen is 
concentration by steam-reforming a hydrocarbon -based 
crude fuel such as town gas, natural gas, and/or LPG or 
an alcohol. This apparatus is widely used to produce 
hydrogen used in the process of manufacturing optical 
fibers or semiconductors and for fuel cells and the like. 20 
[0003] In a case of methane, the reforming reaction 
in the reformer is expressed as: 

CH 4 + H 2 0 -> CO + 3H 2 (CH 4 + H 2 0 CO + 3H 2 ) 

25 

CO + H 2 0 -> C0 2 + H 2 (CO + H 2 0 <- C0 2 + H 2 ) 

The steam reforming reaction caused by the reformer is 
an endothermic reaction, and hence heating is required 
to sustain the reaction. In general, a combustion unit 30 
such as a burner is provided for the reformer, and heat- 
ing is performed by burning surplus hydrogen from a 
reformation material gas or fuel cell. As a reformer for 
producing a relatively small amount of hydrogen, a sin- 
gle-pipe cylinder type reformer like the one disclosed in 35 
Japanese Unexamined Patent Publication No. No. 11- 
1 1901 is known. This single-pipe cylinder type reformer 
is configured to have a heating means such as a burner 
in a cylindrical vessel incorporating a catalyst layer 
between two cylinders so as to heat the catalyst layer 40 
with the heating means and steam-reform a reformation 
material gas passed through the catalyst layer. 
[0004] Rg. 1 is a longitudinal sectional view show- 
ing the schematic arrangement of a conventional single- 
pipe cylinder type reformer. 45 
[0005] In the single-pipe cylinder type reformer 
shown in Fig. 1, an upright elongated outer cylinder 1 
having a circular cross-section, a circular inner cylinder 
3 located inside the outer cylinder 1 , an intermediate 
cylinder 2 located inside the outer cylinder 1 to surround so 
the inner cylinder 3 at a predetermined distance there- 
from, and a radiation cylinder 4 located inside the inner 
cylinder 3 are concentrically disposed, and the annular 
space between the inner cylinder 3 and the intermedi- 
ate cylinder 2 is filled with a reforming catalyst 5. A 55 
burner 7 supported on a burner mount base 6 is dis- 
posed in the upper portion of a combustion chamber 9 
located inside the radiation cylinder 4. A cover plate 



(bottom plate) 1 a which is a common one-piece plate is 
attached to the lower ends of the outer cylinder 1 and 
inner cylinder 3. In the single-pipe cylinder type 
reformer shown in Fig. 1 , the burner 7 is disposed in the 
upper portion of the combustion chamber 9. However, 
the burner 7 is disposed in the lower portion of the com- 
bustion chamber 9 in some case (not shown). In such a 
case, the cover plate 1a is attached as a ceiling plate, 
which is a common one-piece disk, attached to the 
upper ends of the outer cylinder 1 and inner cylinder 3. 
[0006] The single-pipe cylinder type reformer 
shown in Fig. 1 operates as follows. 
[0007] The burner 7 generates a high -temperature 
combustion gas in the combustion chamber 9 with a 
combustion flame 8. The heat is transferred outside the 
inner cylinder in the radial direction via the radiation cyl- 
inder 4 to heat the reforming catalyst 5. At the same 
time, the high-temperature combustion gas enters the 
inner cylinder 3 from the lower portion of the radiation 
cylinder 4 to become an ascending current, thereby 
directly heating the reforming catalyst 5. The combus- 
tion gas is discharged from the upper end portion of the 
reformer after heating. Meanwhile, the reformation 
material gas which is fed from the upper portion of the 
reformer is heated to about 700°C while descending the 
annular flow path filled with the reforming catalyst 5. As 
a consequence, steam reforming is sufficiently per- 
formed. The reformed material gas (reformed gas) is 
reversed in the lower end portion of the reformer to 
become an ascending current in the path formed 
between the outer cylinder 1 and the inner cylinder 3. 
Meanwhile, the sensible heat of the reformed gas is 
recovered in the reforming step inside the intermediate 
cylinder 2. As a result, the temperature of the reformed 
gas lowers, and the gas is extracted outside as a 
reformed gas from the upper end portion of the 
reformer. 

[0008] The conventional single-pipe cylinder type 
reformer shown in Fig. 1 suffers the following problems. 

(1) Since the common one-piece cover plate 1a is 
hermetically fixed to the lower end portions of the 
outer cylinder 1 and inner cylinder 3, which require 
a partition for a fluid, by welding or the like, the ther- 
mal stresses produced in the outer cylinder 1 and 
inner cylinder 3 due to the temperature difference 
during operation cause buckling of the inner cylin- 
der 3 which is heated to a high temperature, in par- 
ticular. The following factors due to this buckling 
may degrade the performance of the reformer: 

a. leakage of the reformed gas due to a crack in 
the inner cylinder 3; 

b. damage to the reforming catalyst due to the 
deformation of the inner cylinder 3; and 

c. uneven heating in the circumferential direc- 
tion due to the deformation of the inner cylinder 
3. 



75 



2 



3 



EP 1 094 031 A1 



4 



(2) Since the combustion chamber 9 is partitioned 
off from the outside with the one-piece cover plate 
1a common to the inner cylinder 3 and outer cylin- 
der 1, the heat insulating properties are poor, and 
the heat radiation loss from the cover plate 1a por- 
tion increases. 

[0009] When a polymer electrolyte fuel cell is used 
for a home, vehicle, or the like, a reduction in the size 
and weight of the overall reforming apparatus including 
a single-pipe cylinder type reformer is an essential con- 
dition. In addition, various improvements, e.g., efficient 
operation and a reduction in rise time for the start of 
operation, are required. 

[0010] For example, the required improvements 
include a reduction in fuel by efficient preheating of a 
reformation material gas, an improvement in operability 
by prevention of overheating of a steam generator, an 
increase in efficiency by the preservation of a neces- 
sary temperature inside the reformer and the effective 
use of heat quantity, suppression of heat radiation to the 
outside by an effective heat insulating structure, realiza- 
tion of high durability by a reduction in heat stress due 
to an inner temperature difference, an increase in effi- 
ciency of steam generation by the effective use of reac- 
tion heat, and an operation method capable of efficiently 
coping with variations in operation state. 
[0011] The reformed gas produced by the conven- 
tional single-pipe cylinder type reformer contains about 
1 0% of CO. When such a reformed gas is to be used for 
a polymer electrolyte fuel cell, the CO concentration 
must be decreased to about 0.5% by using a CO trans- 
former, and a CO selective oxidation reaction must be 
caused by using a CO selective oxidizing unit to 
decrease the CO concentration to about 10 ppm. How- 
ever, separately providing the CO transformer and CO 
selective oxidizing unit for the single-pipe cylinder type 
reformer is not preferable in terms of a reduction in size, 
an increase in efficiency, and starting characteristics. 

DISCLOSURE OF THE INVENTION: 

[0012] The present invention has been made in 
consideration of the above problems in the prior art, and 
has as its first object to provide a single-pipe cylinder 
type reformer which prevents the generation of thermal 
stresses by liberating thermal displacement of outer and 
inner cylinders forming a reformer in the axial direction, 
prevents the occurrence of buckling of the inner cylinder 
and a deterioration in the performance of the reformer 
due to the buckling, in particular, and reduces a heat 
radiation loss from a combustion chamber through a 
cover plate. 

[0013] It is the second object of the present inven- 
tion to provide a single-pipe cylinder type reformer 
which produces a gas with a low CO concentration, 
operates efficiently, has good start-up characteristics, 
attains reductions in size and weight, and is thermally 



stable and efficient. 

[0014] In order to achieve the first object of the 
present invention, according to the first aspect of the 
present invention, there is provided a single-pipe cylin- 

5 der type reformer characterized by comprising an 
upright outer circular cylinder, a circular cylinder con- 
centrically located inside the outer cylinder at a distance 
in a radial direction, a circular intermediate cylinder unit 
concentrically located between the outer cylinder and 

w the inner cylinder at a distance in the radial direction, a 
circular radiation cylinder concentrically located inside 
the inner cylinder at a distance in the radial direction, a 
burner fixed to one end portion of the reformer in an 
axial direction to be located in the center of the radiation 

15 cylinder in the radial direction, and a plurality of annular 
flow paths formed in laminar shapes in the radial direc- 
tion between the inner cylinder and the intermediate cyl- 
inder unit and between the intermediate cylinder unit 
and the outer cylinder, the annular flow paths being at 

20 least partly filled with a reforming catalyst serving as a 
reforming catalyst layer and communicating with each 
other, wherein end portions of the outer and inner cylin- 
ders in the axial direction which are located on a side 
opposite to a position where the burner is fixed are 

25 sealed with different cover plates such that the cover 
plates are located at a predetermined distance away 
from each other, thereby forming a double-bottom struc- 
ture. 

[0015] In the first aspect of the present invention, 
30 the burner is fixed to an upper end of the reformer, and 

the cover plates are respectively mounted on lower 

ends of the outer and inner cylinders. 

[0016] The burner is fixed to a lower end of the 

reformer, and the cover plates are respectively mounted 
35 on upper ends of the outer and inner cylinders. 

[0017] In the first aspect of the present invention, a 

steam generator is further disposed inside or outside 

the reformer. 

[0018] The single-pipe cylinder type reformer 
40 according to the first aspect of the present invention is 
used for a fuel cell. 

[0019] In order to achieve the first and second 
objects, in a single-pipe cylinder type reformer compris- 
ing an upright outer circular cylinder, a circular cylinder 

45 concentrically located inside the outer cylinder at a dis- 
tance in a radial direction, a plurality of circular interme- 
diate cylinders concentrically located between the outer 
cylinder and the inner cylinder at distances from each 
other in the radial direction, a circular radiation cylinder 

so concentrically located inside the inner cylinder at a dis- 
tance in the radial direction, a burner fixed to one end 
portion of the reformer in an axial direction to be located 
in the center of the radiation cylinder in the radial direc- 
tion, and a plurality of annular flow paths formed in lam- 

55 inar shapes in the radial direction between the inner 
cylinder and the innermost intermediate cylinder, 
between the adjacent intermediate cylinders, and 
between the outermost intermediate cylinder and the 
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outer cylinder, the annular flow paths being at least 
partly filled with a reforming catalyst serving as a 
reforming catalyst layer and communicating with each 
other, the present invention has the following character- 
istic aspects. 5 

1. A steam generator is disposed inside a radiation 
cylinder, and the steam generator is heated through 
the wall surface of the radiation cylinder. 

2. A preheat layer filled with a heat transfer promot- w 
ing member is disposed before the upper portion of 

a reforming catalyst layer filled with a reforming cat- 
alyst. 

3. The heat recovery layer is disposed around a 
reforming catalyst layer to be connected thereto at is 
the lower end. A reformed gas is made to ascend 
through the heat recovery layer to transfer the heat 

of the reformed gas to the reforming catalyst layer. 

4. The heat recovery layer is filled with ceramic 
balls each having a predetermined diameter. 20 

5. The reformer includes a heat recovery layer 
which is disposed around a reforming catalyst layer 
for reforming the reformation material gas to be 
connected thereto at the lower end, and transfers 

the heat of a reformed gas to the reforming catalyst 25 
layer as the reformed gas ascends inside the heat 
recovery later, a CO converter catalyst layer (to be 
also referred to as a shift layer hereinafter) which is 
disposed around the heat recovery layer to be con- 
nected thereto at an upper portion, and reduces CO 30 
in the reformed gas as the reformed gas descends 
inside the CO converter catalyst layer, a second 
shift layer which is disposed around the shift layer 
to be connected thereto at a lower portion, con- 
nected to a CO selective oxidizing catalyst layer (to 35 
be also referred to as a PROX layer hereinafter) for 
reducing CO in the reformed gas by causing it to 
react with oxygen in air as the reformed gas 
ascends inside the CO selective oxidizing catalyst 
layer and/or the shift layer at a lower portion, and 40 
reduces CO in the reformed gas as the reformed 
gas ascends inside the second shift layer, and a 
cooling fluid path which is formed between the shift 
layer and the PROX layer and/or the second shift 
layer, forms a descending path from the inlet for the 45 
reformed gas on the PROX layer and/or second 
shift layer side, reverses the reformed gas at the 
lower end of the descending path, and serves as an 
ascending path on the shift layer side to allow a 
cooling fluid to pass. so 

6. An upper portion of a heat recovery layer, i.e., 
part of the downstream side, serves as a sub-CO 
converter catalyst layer (sub-shift layer). 

7. Combustion air, a reformation material gas to be 

fed into the reforming catalyst layer, gaseous or liq- 55 
uefied reforming water, or a fluid as a combination 
thereof is fed into the cooling fluid path. 

8. A predetermined gap is ensured between the 



outer wall surface of the heat recovery layer and the 
inner wall surface (inner cylinder) of the shift layer, 
and the bottom portion of the inner wall (inner cylin- 
der) of the shift layer is separated from the bottom 
portion of the outer wall of the heat recovery layer, 
thereby forming a double-bottom structure. 

9. An air path is formed in the outermost annular 
flow path formed between the circular outer cylinder 
and the outermost intermediate cylinder and the 
bottom portion of the annular flow path, an air inlet 
is formed in at least the side wall or bottom plate of 
the outermost intermediate cylinder, and air is 
evenly supplied into an annular path formed 
between the outermost intermediate cylinder 
located on the side and the second outermost inter- 
mediate cylinder adjacent to the outermost annular 
flow path. 

10. The PROX layer is made up of a PROX layer 
and an air mixing layer which is formed before the 
PROX layer to mix the oxygen and reformed gas, 
and the air mixing layer is formed at the position of 
the air inlet. 

1 1 . Reforming water fed into the cooling fluid path 
cools the shift layer and PROX layer and/or second 
shift layer which are in contact with the cooling fluid 
path, and is heated and evaporated by reaction 
heat. 

12. A heat insulator is charged in between the bot- 
tom portion or inner cylinder and the intermediate 
cylinder, between the respective intermediate cylin- 
ders, and the intermediate cylinder and the outer 
cylinder, as needed. 

13. The shift layer and PROX layer and/or second 
shift layer are shorter than the heat recovery layer 
in the axial direction. 

14. The shift layer and PROX layer and/or second 
shift layer are connected such that a reformed gas 
from the shift layer is temporarily discharged into an 
air path formed outside the PROX layer and/or sec- 
ond shift layer, merges with air in the air path, and 
is fed into the PROX layer and/or second shift layer 
again. 

15. The reformer described above is used as a 
hydrogen source for a polymer electrolyte fuel cell. 

16. Operation of the single-pipe cylinder type 
reformer described above includes 

a. the step of supplying saturated or super- 
heated steam extracted from a saturated or 
superheated steam outlet of the steam genera- 
tor, together with a reformation material gas, in 
start-up operation in which an internal temper- 
ature of the reformer is not more than a prede- 
termined temperature, the step of closing the 
saturated or superheated steam outlet and 
opening a wet steam outlet of the steam gener- 
ator to supply wet steam together with a refor- 
mation material gas when the internal 
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temperature exceeds the predetermined tem- 
perature, and the step of performing steam 
reforming for a reformation material gas in the 
annular flow path, and 

b. regulating the opening degree of the regulat- s 
ing valve disposed at the wet steam outlet in 
accordance with a variation in operation state 
so as to maintain the inflection point tempera- 
ture of the shift layer and the temperatures of 
the PROX layer and/or second shift layer at a w 
predetermined temperature. 

[0020] According to the present invention, the fol- 
lowing excellent effects can be obtained. 

15 

(1) Since the thermal displacement of the outer and 
inner cylinders in the axial direction is liberated, 
deformation of each cylinder due to a thermal 
stress, especially buckling of the inner cylinder, and 

a deterioration in the performance of the reformer 20 
due to the buckling can be prevented. 

(2) Since the combustion chamber is partitioned off 
from the outside of the reformer by multiple cover 
plates (bottom plates) including gas stagnation 
spaces, the heat insulating effect improves, and a 25 
heat radiation loss from the reformer is suppressed, 
thus improving the performance of the reformer. 

(3) The formation of the preheat layer before the 
reforming catalyst layer can obviate the necessity of 

a material preheating unit and reduce the heat con- 30 
sumption. 

(4) The inlet of the preheat layer is brought near the 
outlet of the heat recovery layer to lower the tem- 
perature at the outlet of the heat recovery layer. 
This makes it possible to directly connect the 35 
reforming catalyst layer to the CO converter cata- 
lyst layer. 

(5) The formation of the steam generator which is 
heated by using part of the radiation cylinder as a 
heat transfer surface allows a boiler to be integrally 40 
incorporated in a compact reformer, thus prevent- 
ing damage due to overheating and allowing effi- 
cient use of the heat quantity of a combustion 
exhaust gas. Therefore, the thermal efficiency can 

be improved. 45 

(6) Since the heat recovery layer is filled with a heat 
transfer promoting filler, the heat recovery efficiency 
can be improved, and the temperature at the outlet 
can be lowered. 

(7) Since the cooling fluid path is formed between 50 
the CO converter catalyst layer and the CO selec- 
tive oxidizing catalyst layer and/or second shift 
layer, the CO selective oxidizing catalyst layer 
and/or second shift layer can also be integrally 
formed. In addition, reaction heat from the CO con- 55 
verter catalyst layer and CO selective oxidizing cat- 
alyst layer and/or second shift layer can be 
recovered, and hence the efficiency can be 



improved. Furthermore, undesirable side reactions 
can be suppressed. By changing the thermal load 
supplied to the cooling fluid path, the temperatures 
of the shift layer and CO selective oxidizing catalyst 
layer and/or second shift layer can be maintained 
within a predetermined range. 

(8) The wall surface of the heat recovery layer and 
the wall surface of the CO converter catalyst layer 
are separately formed, and a gap is ensured 
between the wall surfaces. This improves the heat 
insulating properties between the two layers, 
improves the recovery efficiency in the heat recov- 
ery layer, and suppresses an increase in the tem- 
perature of the CO converter catalyst layer. 

(9) Since air for the CO selective oxidizing catalyst 
layer and/or second shift layer is fed into the air path 
formed between the outer cylinder and the CO 
selective oxidizing catalyst layer and/or second shift 
layer, and air supply ports are formed in the CO 
selective oxidizing catalyst layer and/or second shift 
layer, air can be evenly supplied to the CO selective 
oxidizing catalyst layer and/or second shift layer, 
and a hydrogen loss can be reduced. In addition, a 
heat radiation loss can be reduced by heat insula- 
tion. The air mixing layer for mixing air in the CO 
selective oxidizing catalyst layer and/or second shift 
layer is formed by charging a filler. This makes it 
possible to mix a reformed gas with air without 
using any mixing unit and reduce the hydrogen 
loss. 

(10) Since reforming water is evaporated in the 
cooling fluid path between the CO converter cata- 
lyst layer and the CO selective oxidizing catalyst 
layer and/or second shift layer, a boiler can be 
formed without using any fuel. A sufficient cooling 
ability with respect to the CO converter catalyst 
layer and CO selective oxidizing catalyst layer 
and/or second shift layer can be obtained. The 
arrangement of a nozzle or the like can be simpli- 
fied. 

(1 1) By regulating the regulating valve of the steam 
generator, the amount of wet steam is changed to 
quicken the temperature rise time in start-up opera- 
tion. In steady operation, reaction heat and sensible 
heat of a reformed gas are recovered to improve 
the efficiency. Furthermore, the temperatures of the 
CO converter catalyst layer and CO selective oxi- 
dizing catalyst layer and/or second shift layer can 
be regulated. 

(1 2) Since the concentration of carbon monoxide in 
a reformed gas can be reduced to a predetermined 
value or less, the reformer can be used as a hydro- 
gen generator for a polymer electrolyte fuel cell. 
This makes it possible to obtain a compact, high- 
efficiency fuel cell. 

(13) Since the flow path comprising the CO con- 
verter catalyst layer and CO selective oxidizing cat- 
alyst layer and/or second shift layer is shorter than 
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the heat recovery layer, an excessive rise in the 
temperature of the CO converter catalyst layer can 
be prevented, and the temperature can be main- 
tained at a proper temperature. Therefore, no reac- 
tion is inhibited. 

(14) Since the reformer is filled with an insulating 
material at proper portions, heat radiation from the 
reformer can be prevented, and the thermal effi- 
ciency can be improved. In addition, each portion is 
property insulated from heat, and hence the tem- 
perature of each portion can be maintained at a 
proper temperature. 

(15) The formation of the CO converter catalyst 
layer on the downstream side of the heat recovery 
layer can quickly raise the temperature of the CO 
converter catalyst layer. Therefore, a reaction can 
be quickly caused in the CO converter catalyst layer 
at start-up. This makes it possible to quickly start 
the reformer. 

(16) Since a reformed gas passing through the CO 
converter catalyst layer and air can be sufficiently 
agitated, reactions can be reliably and efficiently 
caused in the CO selective oxidizing catalyst layer 
and/or second shift layer, thus improving the hydro- 
gen production efficiency of the reformer. 

[0021] The above and other many objects, aspects, 
and merits of the present invention will be apparent to 
those skilled in the art from the following detailed 
description exemplifying the preferred embodiments 
conforming to the principle of the present invention and 
the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS: 

[0022] 

Fig. 1 is a longitudinal sectional view showing the 
schematic arrangement of a conventional single- 
pipe cylinder type reformer; 
Fig. 2 is a longitudinal sectional view showing the 
schematic arrangement of a single-pipe cylinder 
type reformer according to the first embodiment of 
the present invention; 

Fig. 3 is a longitudinal sectional view showing the 
schematic arrangement of a single-pipe cylinder 
type reformer according to the second embodi- 
ment; 

Fig. 4 is a horizontal sectional view taken along a 
line IV - IV in Fig. 3; 

Fig. 5 is a flow chart for explaining the main opera- 
tion of the single-pipe cylinder type reformer 
according to the present invention; 
Fig. 6 is a longitudinal sectional view showing the 
schematic arrangement of a single-pipe cylinder 
type reformer according to the third embodiment of 
the present invention; and 

Fig. 7 is a longitudinal sectional view showing the 



schematic arrangement of a single-pipe cylinder 
type reformer according to the fourth embodiment 
of the present invention. 

5 BEST MODE OF CARRYING OUT THE INVENTION: 

[0023] A few preferred embodiments of the present 
invention will be described below with reference to the 
accompanying drawings. 
w [0024] Fig. 2 is a longitudinal sectional view show- 
ing the schematic arrangement of a single-pipe cylinder 
type reformer according to the first embodiment of the 
present invention. 

[0025] In the reformer according to the first embod- 

15 iment shown in Fig. 2, an elongated outer cylinder 1 
having a circular cross-section is disposed upright, and 
an elongated inner cylinder 3 having a circular cross- 
section is concentrically located inside the outer cylin- 
der 1. An intermediate cylinder 2 surrounding the inner 

20 cylinder 3 is located inside the outer cylinder 1 at a pre- 
determined distance from the inner cylinder 3. The 
annular space defined between the inner cylinder 3 and 
the intermediate cylinder 2 is filled with a reforming cat- 
alyst 5. A radiation cylinder 4 is also concentrically 

25 located inside the inner cylinder 3. A burner 7 is 
mounted in the upper portion of a combustion chamber 
9 formed inside the radiation cylinder 4 via a burner 
mount base 6. Separate cover plates (bottom plates) 1b 
and 3a are hermetically fixed to the lower end portions 

30 of the outer cylinder 1 and inner cylinder 3 in the axial 
direction, respectively, which oppose the burner 7, by 
welding or the like. A predetermined space is defined 
between the cover plate 1b of the outer cylinder 1 and 
the cover plate 3a of the inner cylinder 3. In other words, 

35 the cover plates 1 b and 3a form a double structure with 
respect to the center direction of the outer cylinder 1 
and inner cylinder 3. 

[0026] In the first embodiment, the burner 7 and 
burner mount base 6 are disposed on the upper portion 

40 of the combustion chamber 9, and the cover plates (bot- 
tom plates) 1 b and 3a are respectively attached to the 
lower ends of the outer cylinder 1 and inner cylinder 3 to 
form a double structure. Although not shown, as in 
another embodiment, the burner 7 and burner mount 

45 base 6 may be disposed on the lower portion of the 
combustion chamber 9. In this case as well, the cover 
plates (ceiling plates in this case) of the inner cylinder 3 
and outer cylinder 1 form a double structure (not a com- 
mon one-piece disk). The distance between the cover 

so plates 1b and 3a in the axial direction is properly deter- 
mined in consideration of the thermal displacement dif- 
ference between the outer cylinder 1 and the inner 
cylinder 3 in the axial direction and prevention of natural 
convection of a reformed gas. 

55 [0027] Although not shown in Fig. 2, a steam gener- 
ator for generating/supplying steam to be fed into the 
reformer together with a reformation material gas such 
as a town gas is provided inside or outside the reformer. 
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[0028] The reformer shown in Fig. 2 operates as fol- 
lows. 

[0029] When, for example, a fuel formed by a town 
gas (1 3A) and combustion air are supplied to the burner 
7 and burnt, they burst into a combustion flame 8 in the 
combustion chamber 9. The combustion chamber 9 is 
then filled with a high-temperature combustion gas. The 
heat of this high -temperature combustion gas indirectly 
heats the reforming catalyst 5 via the radiation cylinder 
4. At the same time, the gas enters the inner cylinder 3 
from the lower portion of the radiation cylinder 4 to 
become an ascending current, and directly heats the 
reforming catalyst 5 via the wall of the inner cylinder 3. 
The gas is then discharged from the upper end portion 
of the reformer. The reformation material gas made up 
of the town gas fed from the upper portion of the 
reformer and the steam supplied from the steam gener- 
ator (not shown) is heated to about 700°C by the com- 
bustion gas while descending the annular flow path 
filled with the reforming catalyst. As a consequence, 
steam reforming is sufficiently done. The temperature of 
the reforming catalyst becomes highest at the lower end 
portion of the annular flow path filled with the reforming 
catalyst, i.e., near the lower end of the intermediate cyl- 
inder 2. The reformed gas flowing out from the lower 
end portion of the annular flow path reverses and 
becomes an ascending current. While the reformed gas 
ascends, its latent heat is recovered in the reforming 
step inside the intermediate cylinder 2. As a result, the 
temperature of the gas lowers, and the gas is extracted 
as a hydrogen -rich reformed gas (a gas mixture of 
hydrogen, CO, C0 2 , and the like) from the upper end 
portion of the reformer. 

[0030] In addition to the first embodiment, the 
present invention provides a single-pipe cylinder type 
reformer which produces a gas with a low CO concen- 
tration, operates efficiently, has good starting character- 
istics, realizes reductions in size and weight, and is 
thermally stable and efficient. 

[0031] As the second embodiment of the present 
invention, Fig. 3 shows an example of the schematic 
arrangement of a compact, lightweight, single-pipe cyl- 
inder type reformer. 

[0032] A reformer 81 is comprised of an outer cylin- 
der 1 0, an intermediate cylinder group 60 concentrically 
located in the outer cylinder 10, an inner cylinder 68 
concentrically located inside these intermediate cylin- 
ders, a reforming catalyst layer 13 disposed in the annu- 
lar space defined between the inner cylinder 68 and an 
innermost intermediate cylinder 67, a CO converter cat- 
alyst layer 1 1 (to be also referred to as a shift layer 1 1 
hereinafter) disposed in the annular space defined 
between intermediate cylinders 65 and 64, a CO selec- 
tive oxidizing catalyst layer 1 2 (to be also referred to as 
a PROX layer 12 hereinafter) disposed in the annular 
space defined between an outermost intermediate cyl- 
inder 61 and a second outermost intermediate cylinder 
62, and the like. 



[0033] A heat transfer partition wall 14 (radiation 
cylinder) is concentrically located inside the inner cylin- 
der 68. A burner 1 8 is mounted inside the heat transfer 
partition wall 14 via a burner mount base 16. 

5 [0034] The outer cylinder 10 is a closed-end cylin- 
der having a circular cross-section. The side surface of 
the upper portion of the outer cylinder 1 0 has a satu- 
rated or superheated steam outlet 20, wet steam outlet 
21 , water supply port 22, combustion exhaust gas outlet 

w 24, supply port 26 for a fluid mixture of a reformation 
material gas and steam, reformed gas outlet 28, and 
supply port 30 for PROX layer air. 
[0035] The intermediate cylinder group 60 is consti- 
tuted by the first to seventh intermediate cylinders 61 to 

15 67, and annular spaces are defined between the 
respective intermediate cylinders. An air path 42 for 
supplying air to the PROX layer 12 is formed between 
the first intermediate cylinder 61 and the outer cylinder 
10. This air path 42 communicates throughout the cir- 

20 cumference at the bottom to form a jacket structure sur- 
rounding the overall apparatus with an air layer. The first 
intermediate cylinder 61 also has air inlets 43 for feed- 
ing air, which are formed in a bottom 71 and the side 
surface. 

25 [0036] The upper and lower PROX layers 12 are 
formed between the first and second intermediate cylin- 
ders 61 and 62. Each PROX layer 12 is made up of a 
PROX catalyst layer 44 and air mixing layer 46. A lower 
PROX layer 12a communicates with the shift layer 11, 

30 located inward therefrom, at the lower portion. A lower 
PROX layer 1 2b is connected to the reformed gas outlet 
28 at the upper portion. The reformed gas outlet 28 is 
connected to, for example, a fuel gas supply pipe 1 02 of 
a polymer electrolyte fuel cell 100. A reformed gas d 

35 (fuel gas) which contains hydrogen having a predeter- 
mined concentration and is extracted from the reformed 
gas outlet 28 is supplied to the fuel electrode side (not 
shown) of the polymer electrolyte fuel cell 1 00. With this 
operation, electric power generation is performed. A 

40 surplus reformed gas e in the polymer electrolyte fuel 
cell 100 may be used as a combustion gas for the 
burner 18. 

[0037] The air mixing layer 46 is filled with ceramic 
balls each having a predetermined diameter. When air 

45 passes through the air mixing layer 46, the ceramic balls 
bend the flow path to efficiently mix the gases. In addi- 
tion, the air inlets 43 are formed in the lower portion of 
the air mixing layer 46, i.e., near the end portion on the 
upstream side of the air mixing layer 46. The diameter of 

so each ceramic ball is set to 1/3 to 1/1 0 the width of the 
flow path in the air mixing layer 46 in consideration of an 
increase in flow resistance and mixing efficiency. If the 
diameter of each ceramic ball is 1/3 or more the width of 
the flow path, mixing cannot be sufficiently done. If this 

55 diameter is 1/1 0 or less, the flow resistance undesirably 
increases. 

[0038] A cooling fluid path 48 through which a cool- 
ing fluid passes, with the third intermediate cylinder 63 
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being located inside the path, is formed between the 
second intermediate cylinder 62 and the fourth interme- 
diate cylinder 64. This flow path is connected to the sup- 
ply port 26 for a fluid mixture of a reformation material 
gas and steam at the upper portion. Since the third 
intermediate cylinder 63 is attached to an upper portion 
with a space being ensured at a lower portion, the cool- 
ing fluid path 48 is divided in the radial direction at the 
third intermediate cylinder 63 as a boundary. The outer 
path portion serves as a descending path contacting the 
PROX layer 1 2, and the inner path serves as an ascend- 
ing path contacting the shift layer 1 1 . Note that the main 
cooling fluid flowing through the cooling fluid path 48 is 
a fluid mixture of a reformation material gas and reform- 
ing water. As will be described later, another fluid may 
pass through this flow path. 

[0039] The shift layer (CO converter catalyst layer) 
1 1 is formed between the fourth and fifth intermediate 
cylinders 64 and 65. The shift layer 1 1 is filled with a CO 
converter catalyst. The shift layer 11 is connected to a 
heat recovery layer 50 at an upper portion and con- 
nected to the PROX layer 1 2 at a lower portion and per- 
form a CO transforming reaction. The fifth intermediate 
cylinder 65 is connected to the bottom portion of the first 
intermediate cylinder 61 at a lower portion. The fifth 
intermediate cylinder 65 serves as the inner wall of the 
shift layer 11, and the sixth intermediate cylinder 66 
serves as the outer wall of the heat recovery layer 50. A 
space is defined between these walls and serves as a 
heat insulating layer 49 for insulating heat between 
these walls and also serves as a buffer mechanism for 
buffering a thermal stress between the walls. 
[0040] The heat recovery layer 50 filled with 
ceramic balls is formed between the sixth and seventh 
intermediate cylinders 66 and 67. The diameter of each 
ceramic ball is 1/2 to 1/5 the width of the path in the heat 
recovery layer 50. If the diameter of each ceramic ball 
exceeds 1/2 the width of the path, the heat transfer effi- 
ciency decreases. If this diameter is 1/5 or less the 
width of the path, the flow resistance undesirably 
increases. The ceramic balls have the function of trans- 
ferring the heat of a gas passing through the heat recov- 
ery layer 50 to the reforming catalyst layer 1 3 contacting 
the heat recovery layer 50 via the seventh intermediate 
cylinder 67. A bottom plate 76 is attached to the lower 
portion of the sixth intermediate cylinder 66. A space is 
defined between the bottom plate 76 and a bottom plate 
78 attached to the lower portion of the inner cylinder 68. 
[0041] A preheat layer 51 is disposed in the annular 
space defined between the seventh intermediate cylin- 
der 67 and the inner cylinder 68 on the upstream side. 
This preheat layer 51 is also filled with a filler for improv- 
ing the heat transfer effect, e.g., ceramic balls each hav- 
ing a diameter of 1/2 to 1/5 the width of the path. The 
reforming catalyst layer 1 3 is formed on the downstream 
side of the preheat layer 51 . The preheat layer 51 com- 
municates with the cooling fluid path 48 on the 
upstream side. The reforming catalyst layer 13 is filled 



with a reforming catalyst for performing steam reforming 
for a reformation material gas. The reforming catalyst 
layer 13 communicates, at its lower portion, with the 
lower end of the heat recovery layer 50 via the space 

5 defined between the bottom plate 78 of the inner cylin- 
der 68 and the bottom plate 76 of the sixth intermediate 
cylinder 66. The space between the bottom plate 78 and 
the bottom plate 76 also serves as a heat insulating 
layer for a portion burnt by the burner 1 8. 

w [0042] The cylindrical heat transfer partition wall 14 
is located inside the inner cylinder 68 at a proper dis- 
tance from the bottom plate 78. The space between the 
heat transfer partition wall 14 and the inner cylinder 68 
serves as an exhaust gas path through which the 

15 exhaust gas burnt by the burner 18 flows, and is con- 
nected to the combustion exhaust gas outlet 24 at an 
upper portion. A steam generator 34 is located inside 
the upper portion of the heat transfer partition wall 14. 
[0043] The steam generator 34 is a gap having the 

20 heat transfer partition wall 1 4 as one surface. A partition 
wall 35 is disposed in the gap to partition it into inner 
and outer portions, which respectively communicate 
with the steam outlet 20 and water supply port 22. In 
addition, the wet steam outlet 21 is attached to the side 

25 of the steam generator 34 which opposes the outlet of 
the water supply port 22. The steam outlet 20 and wet 
steam outlet 21 are connected to the supply port 26 for 
a fluid mixture of a reformation material gas and steam 
via regulating valves B (see Fig. 4) for regulating flow 

30 rates. 

[0044] The burner 1 8 is located in the center of the 
heat transfer partition wall 14. The burner 18 is dis- 
posed at a position where the nozzle is located below 
the lower end of the steam generator 34. Therefore, 
35 when the burner 18 is turned on and a flame comes 
from the nozzle, the flame does not directly touch the 
steam generator 34. 

[0045] Fig. 4 is a horizontal sectional view taken 
along a line IV - IV in Fig. 3. Note that an illustration of 

40 the supply ports and outlets which are unnecessary for 
the following description is omitted. 
[0046] Supply control for a fluid mixture of steam 
and a reformation material gas in the single-pipe cylin- 
der type reformer according to the present invention will 

45 be described with reference to Fig. 4. Reforming water 
a is supplied to the steam generator 34 of the reformer 
81 via a water supply valve A and the water supply port 
22. At start-up, it takes a predetermined time to extract 
saturated or superheated steam b1 from the steam gen- 

so erator 34 via the superheated steam outlet 20 by turning 
on the burner 18 and performing heating operation 
using the burner 18. As the heating process by the 
burner 18 progresses and the temperature in the 
reformer rises, a predetermined amount of saturated or 

55 superheated steam b1 is extracted from the super- 
heated steam outlet 20. 

[0047] Meanwhile, a reformation material gas c to 
be reformed is supplied via a reformation material gas 
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supply regulating valve C. By operating the regulating 
valve B, the reformation material gas c is fed into the 
reformer via the fluid supply port 26, together with the 
superheated steam b1 with which the reformation mate- 
rial gas c merges. Steam reforming for the reformation 
material gas c is then started in the reformer. 
[0048] As the temperature in the reformer starts 
exceeding a predetermined temperature, the supply of 
the saturated or superheated steam b1 is stopped to 
shift the operation of the reformer from the start-up 
operation state to the steady operation state. In addi- 
tion, in place of the superheated steam, the regulating 
valve B is operated to supply wet steam b2 containing 
liquefied water which is discharged from the wet steam 
outlet 21 communicating with the steam generator 34. 
[0049] The main operation of the single-pipe cylin- 
der type reformer according to the present invention will 
be described next with reference to Fig. 5. 
[0050] First of all, the water supply valve A is 
opened to supply the water a from the water supply port 
22 to the steam generator 34 in the reformer (F-1). The 
burner 1 8 mounted in the reformer is turned on to start 
the reformer (F-2). At the same time, the reformation 
material gas c to be reformed, with which the super- 
heated steam b1 is mixed, is fed into the reformer. The 
temperature in the reformer is gradually raised by com- 
bustion performed by the burner 18. A temperature T at 
an inflection point P of the shift layer 1 1 is detected as a 
reference value for a shift to the steady operation (F-3). 
It is checked whether the inflection point temperature T 
is 200°C or more (F-4). When the inflection point tem- 
perature T becomes 200°C or more, the regulating 
valve B is gradually opened (F-5) to supply the wet 
steam b2 containing liquefied water, while mixing it with 
the reformation material gas c, in place of the super- 
heated steam b1. 

[0051] When the wet steam b2 is fed, the tempera- 
ture in the reformer lowers. It is checked whether the 
return temperature T falls within the range from 170°C 
and 230°C both inclusive (170°C sTs 230°C) (F-6). 
When the inflection point temperature T becomes 
170°C or less, the opening degree of the regulating 
valve B is regulated to suppress an increase in the 
amount of wet steam b2 supplied. When the inflection 
point temperature T becomes 230°C or more, the open- 
ing degree of the regulating valve B is regulated to 
increase the amount of wet steam supplied (F-7). 
[0052] When the inflection point temperature T falls 
within a predetermined temperature range (170°C sTs 
230°C) with stability, the start-up operation ends, and 
the steady operation starts (F-8). 
[0053] If some load variation, e.g., a change in the 
operation state of the fuel cell 1 00, occurs after the start 
of the steady operation (F-9), the opening degree regu- 
lating state of the regulating valve B is set (F-6 and F-7). 
If no load variation occurs, the steady operation contin- 
ues (F-10). 

[0054] When the operation of the reformer ends (F- 



11), the burner 18 is turned off (F-12). Thereafter, the 
regulating valve B and all other valves are closed (F- 
13). 

[0055] Of the operations described above, the main 
5 operation will be described in detail below in detail with 
reference to the reformer 81 shown in Fig. 3. 

(I) Start-up 

10 [0056] First of all, the reforming water a is supplied 
from the water supply port 22 into the steam generator 
34. The burner 1 8 is then turned on to heat the inside of 
the reformer 81. As heating is performed by the burner 
1 8, the heat transfer partition wall 14 is heated by radia- 

15 tion heat from the flame. In addition, the combustion 
exhaust gas passes between the heat transfer partition 
wall 1 4 and the inner cylinder 68 and is discharged from 
the combustion exhaust gas outlet 24, thereby internally 
heating the reforming catalyst 13 and preheat layer 51 . 

20 [0057] The steam generator 34 is gradually heated 
by the combustion exhaust gas passing between the 
heat transfer partition wall 14 and the inner cylinder 68, 
a rise in temperature in the combustion chamber of the 
burner 18, and transfer of heat from the heat transfer 

25 partition wall 14. 

[0058] When the steam generator 34 is sufficiently 
heated, and the amount of saturated or superheated 
steam b1 generated reaches a predetermined value, 
the steam b1 is extracted from the steam outlet 20. The 

30 steam b1 is then supplied through the reformation mate- 
rial gas supply port 26 after the reformation material gas 
c is added to the steam. 

[0059] Since the steam generator 34 is heated by 
the combustion performed by the burner 18 in this man- 

35 ner, the steam b1 required to start the reformer 81 can 
be obtained in a relatively short period of time. In addi- 
tion, by making the combustion exhaust gas from the 
burner 18 pass between the heat transfer partition wall 
14 and the inner cylinder 68, the heat in the combustion 

40 exhaust gas is absorbed and effectively used, thus 
improving the efficiency. 

[0060] The reformation material gas c is a hydrocar- 
bon-based fuel such as town gas. When this gas is sup- 
plied from the supply port 26 together with the steam 

45 b1, it passes through the cooling fluid path 48 formed 
between the second and fourth intermediate cylinders 
62 and 64 and is set to the preheat layer 51 . During this 
period, in the cooling fluid path 48, since the tempera- 
tures of the shift layer and PROX layer 1 2 contacting the 

so cooling fluid path 48 are low, the steam b1 and reforma- 
tion material gas c supply heat to the shift layer 1 1 and 
PROX layer 12. The steam b1, in particular, liquefies to 
supply latent heat, thus quickening rises in the temper- 
atures of the shift layer 1 1 and PROX layer 1 2. 

55 [0061] When the reformation material gas c enters 
the preheat layer 51 , since the ceramic balls charged in 
the preheat layer 51 are heated by heat from the burner 
1 8, the reformation material gas c absorbs the heat to 
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be heated to a predetermined temperature, required for 
a reforming reaction, or higher. This gas then enters the 
reforming catalyst layer 13. Since the reformation mate- 
rial gas c and steam b1 which have low temperatures 
are supplied to the preheat layer 51 , the temperature of 
the preheat layer 51 near the inlet can be suppressed 
low. If the reformation material gas c is methane gas, 
the reformation material gas c entering the reforming 
catalyst layer 13 is reformed by the following reaction: 

CH 4 + H 2 0 -> CO + 3H 2 

[0062] Since the reforming reaction in the reforming 
catalyst layer 13 is an endothermic reaction, the reac- 
tion proceeds while the combustion heat from the 
burner 1 8 is absorbed. More specifically, when the com- 
bustion exhaust gas from the burner 1 8 passes between 
the heat transfer partition wall 14 and the reforming cat- 
alyst layer 13, the heat of the combustion exhaust gas is 
absorbed by the reforming catalyst layer 13. In the 
reforming catalyst layer 13, a reforming reaction pro- 
ceeds accompanying a rise in temperature. When the 
reaction reaches almost equilibrium, the reformed gas 
flows out of the lower portion of the reforming catalyst 
layer 1 3, reverses at the lower end, and enters the heat 
recovery layer 50. 

[0063] The heat recovery layer 50 is filled with 
ceramic bails, and the heat of the reformed gas is sup- 
plied to the reforming catalyst layer 13 via the ceramic 
balls. The upper end of the heat recovery layer 50 is in 
contact with the preheat layer 51 into which the reforma- 
tion material gas c and steam b1 which have relatively 
low temperatures flow. For this reason, the temperature 
of the gas further lowers, and the gas flows out of the 
upper portion, with its temperature being set to a tem- 
perature suitable for a CO transforming reaction, 
reverses, and enters the shift layer 1 1 . 
[0064] The following CO transforming reaction 
takes place in the shift layer 1 1 : 

CO + H 2 0 C0 2 + H 2 

[0065] Although the CO transforming reaction in the 
shift layer 11 is an exothermic reaction, since the shift 
layer 1 1 and heat recovery layer 50 are formed through 
a gap, the heat in the heat recovery layer 50 is not 
directly transferred to the shift layer 1 1 to heat it. This 
also makes it possible to suppress the temperature of 
the shift layer 1 1 low. 

[0066] The reformed gas flowing out of the lower 
portion of the shift layer 1 1 reverses at the lower end 
and enters the PROX layer 12. The PROX layer 12 is 
comprised of the PROX catalyst layer 44 and air mixing 
layer 46. The reformed gas is mixed with the air fed from 
the air inlet 43 while passing through the air mixing layer 
46, and a CO selective oxidizing reaction is performed 
by the PROX catalyst layer 44. 

[0067] The following reaction takes place in the 



PROX layer 12: 

2CO + 0 2 -* 2C0 2 

5 [0068] The air for CO selective oxidizing reaction 
transforms CO into C0 2 but oxidizes H 2 as well to con- 
sume H 2 . To minimize oxidization of H 2 , the air mixing 
layer 46 is disposed on the front stage to supply a mini- 
mum necessary amount of oxygen to the reformed gas 

10 to selectively cause an oxidizing reaction for CO. In 
addition, such a reaction is caused in a plurality of 
stages. 

[0069] Furthermore, since the cooling fluid path 48 
is formed between the shift layer 1 1 and the PROX layer 
15 1 2, the time taken to obtain a temperature necessary for 
a reaction is shortened by heat from the steam b1 at 
start-up. 

(II) Steady Operation 

20 

[0070] When the temperature at each reaction por- 
tion reaches a predetermined temperature, and a 
steady state is attained, the regulating valve communi- 
cating with the wet steam outlet 21 is gradually opened 

25 to supply the wet steam b2 containing liquefied water 
from the reformation material gas supply port 26, 
together with the reformation material gas c. The lique- 
fied water contained in the wet steam b2 then absorbs 
the reaction heat in the shift layer 1 1 and PROX layer 12 

30 to evaporate. Rises in the temperatures of the shift layer 

11 and PROX layer 12 due to an exothermic reaction 
are suppressed by an endothermic effect produced by 
this vaporization of moisture. As a consequence, the 
temperature in the reformer can be maintained at a pre- 

35 determined temperature. 

[0071] In addition, since the reforming water is 
heated by the heat of the shift layer 1 1 and PROX layer 

1 2 to vaporize, the fuel that is heated by the steam gen- 
erator 34 to generate steam can be saved. The reforma- 

40 tion material gas c is fed into the reforming catalyst layer 

13 via the preheat layer 51, together with the heated 
steam. 

[0072] As described above, the inside of the pre- 
heat layer 51 has already been heated by the burner 1 8, 

45 and the reformation material gas c and steam are 
heated by the preheat layer 51 . For this reason, there is 
no need to separately prepare a preheat unit for raising 
the temperature of the reformation material gas c to the 
temperature required for the reforming catalyst layer 13, 

so and the thermal efficiency can be improved. Further- 
more, since the reformation material gas c is not sup- 
plied after it is heated to a high temperature, the 
temperature near the inlet of the preheat layer 51 , e.g., 
the temperature at the outlet of the heat recovery layer 

55 50, can be lowered. This makes it possible to continu- 
ously connect the shift layer 11, in which a reaction 
takes place at a temperature lower than the reaction 
temperature in the reforming catalyst layer 13, to the 
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reforming catalyst layer 13 via the heat recovery layer 
50. 

[0073] The reformation material gas c heated by the 
preheat layer 51 is further heated by the reforming cat- 
alyst layer 13 to cause a reforming reaction. The result- 
ant gas then flows out of the lower portion of the 
reforming catalyst layer 1 3. The reformed gas with a rel- 
atively high temperature which has flowed out of the 
lower portion of the reforming catalyst layer 13 ascends 
inside the heat recovery layer 50 and exchanges heat 
with the reforming catalyst layer 13 owing to the heat 
transfer promoting effect of the ceramic balls in the heat 
recovery layer 50. As a consequence, the temperature 
otthe gas lowers. That is, the heat recovery layer 50 has 
a temperature gradient exhibiting a decrease in temper- 
ature toward the upper portion of the heat recovery layer 
50, and the heat of the reformed gas is absorbed and its 
temperature lowers as the gas ascends inside the heat 
recovery layer 50. The same phenomenon occurs 
between the heat recovery layer 50 and the preheat 
layer 51 . The heat which the heat recovery layer 50 
absorbs from the reformed gas is transferred from the 
heat recovery layer 50 to the preheat layer 51 by using 
the temperature difference. 

[0074] As describe above, the preheat layer 51 is 
formed before the reforming catalyst layer 13, and the 
inlet of the preheat layer 51 is located close to the outlet 
of the heat recovery layer 50. With this arrangement, as 
the reformation material gas c that is not preheated is 
fed into the preheat layer 51 , a rise in the temperature at 
the inlet of the preheat layer 51 , i.e., a rise in the temper- 
ature at the outlet of the heat recovery layer 50, is sup- 
pressed. This for the first time allows the shift layer 1 1 to 
be continuously formed. 

[0075] The reformed gas whose temperature has 
dropped to a temperature suitable for a CO transforming 
reaction in the heat recovery layer 50 enters the shift 
layer 1 1 from its upper portion. As a consequence, CO 
contained in the reformed gas is transformed into car- 
bon dioxide. Although this reaction is an exothermic 
reaction, the temperature of the gas lowers to a temper- 
ature suitable for a CO selection oxidizing reaction upon 
heat exchange with the cooling fluid path 48, and the 
gas enters the next PROX layer 12. In this stage, the 
reformed gas contains about 0.5% of CO. 
[0076] As described above, since the heat insulat- 
ing layer 49 is formed between the heat recovery layer 
50 and the shift layer 1 1 , the heat of the heat recovery 
layer 50 is insulated by the heat insulating layer 49, and 
the temperature of the shift layer 11 can be maintained 
at a predetermined temperature. In addition, any ther- 
mal stress due to the temperature difference between 
these layers can be eliminated to prevent damage. 
[0077] Furthermore, the wet steam b2 is evapo- 
rated by the cooling fluid path 48 formed around the 
shift layer 1 1 . This amounts to integrally incorporating a 
boiler portion in the layer. With this arrangement, the 
combustion heat generated by the burner 18 can be 



reduced, and the shift layer 1 1 and PROX layer 12 can 
be cooled by heat of evaporation to control the temper- 
atures of the shift layer 1 1 and PROX layer 12 to a pre- 
determined temperature. In the shift layer 1 1 , therefore, 

5 the CO conversion ratio can be increased. In the PROX 
layer 12, a methanation reaction and reverse shift reac- 
tion, which are undesirable side reactions, can be sup- 
pressed. In addition, since the reaction heat and 
sensible heat in the shift layer 11 and PROX layer 12 

iq can be recovered in this manner, the thermal efficiency 
can be improved. 

[0078] In cooling the shift layer 1 1 and PROX layer 
12, as a cooling fluid to be flowed into the cooling fluid 
path 48, combustion air, gaseous or liquefied reforming 

15 water, a reformation material gas, or the like or a combi- 
nation thereof may be used. When, for example, com- 
bustion air is to be flowed into the cooling fluid path 48, 
the cooling fluid path 48 is exclusively used for combus- 
tion air or the cooling fluid path 48 may be separated 

20 into paths to allow combustion air to flow therethrough. 
Reforming water, reformation material gas, or the like is 
fed into the reformer 81 by forming a path independently 
of these paths. In general, as compared with a gas, with 
liquefied reforming water, a sufficient cooling ability can 

25 be obtained, and the temperature can be arbitrarily low- 
ered. Combining this water with the reformation material 
gas c allows an inlet nozzle for a cooling fluid to be also 
used as an inlet nozzle for the reformation material gas 
c. In addition, since no outlet nozzle for a cooling fluid 

30 needs to be used, the arrangement can be simplified. 
By adjusting the amount of steam fed into the cooling 
fluid path 48, the amount of heat deprivation in the cool- 
ing fluid path 48 can be increased/decreased. This 
makes it possible to maintain the temperatures of the 

35 shift layer 11 and PROX layer 12, which are important 
for reactions, to a predetermined temperature. 
[0079] The reformed gas flowing out of the shift 
layer 1 1 enters the air mixing layer 46 in which it is 
mixed with air from the air supply port 30. Since the 

40 reformed gas is mixed with the air while passing through 
the air mixing layer 46, the gas is sufficiently agitated 
without using any agitating unit or the like. Since the 
reformed gas enters the PROX catalyst layer 44 in an 
agitated state, an unnecessary hydrogen loss due to 

45 local generation of high-concentration of oxygen by a 
reaction in the PROX catalyst layer 44 can be pre- 
vented. In addition, since a hole 43 can be arbitrarily 
set, air can be introduced from an arbitrary position in 
the PROX layer 12. This makes it possible to reduce the 

so amount of air required for selective oxidization removal 
of CO and suppress a hydrogen loss due to excess air. 
[0080] When the reaction in the first PROX layer 1 2 
is complete, the gas enters the next PROX layer 12 to 
reduce the CO concentration again. The reformed gas 

55 is extracted as a gas containing, for example, 75% of 
hydrogen, 5% of methane, 19% of carbon dioxide, 1% 
of nitrogen, and 1 0 ppm or less of carbon monoxide, 
from the reformed gas outlet 28. As described above, 
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since the carbon monoxide concentration of the 
reformed gas is 10 ppm or less, the gas can be supplied 
to a polymer electrolyte fuel cell and used as a fuel gas 
for the polymer electrolyte fuel cell. 
[0081] Since a space through which air fed into the 
PROX layer 12 flows is formed between the PROX layer 
1 2 and the outer cylinder 1 0, and the amount of air flow- 
ing inside the PROX layer 12 is small, the air stagnates 
there, and a high heat insulating effect can be obtained. 
This makes it possible to maintain the temperature in 
the PROX layer 12 and prevent a heat radiation loss. 

(Ill) Variation in Load in Operation State 

[0082] A case wherein the use state of a fuel cell or 
the like is changed, and the operation state of the 
reformer 81 is changed will be described next. 
[0083] When the operation state of the reformer 2 is 
changed for some reason, the amount of hydrogen gen- 
erated is changed by adjusting the amount of reforma- 
tion material gas supplied from the supply port 26. In 
such a case as well, the temperature at each portion 
must be kept almost constant in order to maintain a 
reaction. If, for example, the amount of reformed gas 
required decreases, and the amount of reformation 
material gas fed is decreased, the amount of reforming 
water must also be decreased. For this reason, the tem- 
perature of the shift layer 1 1 or PROX layer 12 may rise 
because of a reduction in the amount of cooling water. 
[0084] When, for example, the amounts of reforma- 
tion material gas c and reforming water are decreased, 
the regulating valve communicating with the wet steam 
outlet 21 in the steam generator 34 is opened to 
decrease the amount of saturated or superheated 
steam fed from the superheated steam outlet 20. With 
this operation, the moisture of steam flowing from the 
supply port 26 increases, and hence the quantity of heat 
absorbed by latent heat increases. This prevents rises 
in the temperatures of the shift layer 1 1 and PROX layer 
12 and unnecessary heat loss. In addition, the temper- 
ature at each portion can be maintained without replen- 
ishing heat from another portion. 
[0085] Since the steam generator 34 is heated by 
the transfer of heat through the heat transfer partition 
wall 1 4 and is not directly heated by the burner 1 8, even 
if the amount of reforming water to the steam generator 
34 is decreased and the inside of the steam generator 
34 is dried, the steam generator 34 is not overheated. 
[0086] In contrast to this, rf the amount of reforma- 
tion material gas c is increased, the regulating valves B 
communicating with the wet steam outlet 21 is closed to 
increase the amount of saturated or superheated steam 
b1 from the saturated or superheated steam outlet 20. 
With this operation, the temperatures of the shift layer 
1 1 and PROX layer 12 can be maintained at a predeter- 
mined temperature without causing any unnecessary 
thermal loss. In addition, since temperature control is 
performed by using reforming water, good controllability 



can be obtained as compared with a case wherein com- 
bustion air or the like is used. 

[0087] Fig. 6 shows another example of the com- 
pact, lightweight, single-pipe cylinder type reformer of 
5 the present invention as the third embodiment of the 
present invention. 

[0088] As shown in Fig. 6, in a reformer 82, the 
inner bottom of an inner cylinder 65 is open, and the 
space between the inner cylinder 65 and an inner cylin- 

w der 66 is closed at an upper portion. The other arrange- 
ments are the same as those of the reformer 81 shown 
in Fig. 3. With this arrangement, an air path 42 for sup- 
plying oxygen to a PROX layer 12 communicates with 
the space between a heat recovery layer 50 and a shift 

is layer 1 1 to improve the heat insulating effect for the shift 
layer 1 1 . In addition, since the bottom portion of the heat 
recovery layer 50 is not located close to the bottom por- 
tion of the shift layer 1 1 , heat radiation from the bottom 
portion of the reformer 82 can be suppressed. 

20 [0089] In the above example, the PROX layer 12 is 
separated into the PROX layers 12a and 12b to form 
two layers on the outermost layer of the reformer 82. 
However, the PROX layer 12 may be a single layer or 
constituted by three or more layers. Furthermore, the 

25 shift layer 1 1 may also be formed on the outermost layer 
to form two layers, i.e., the shift layer 1 1 and PROX layer 
1 2, on the outermost layer. Alternatively, a CO remover 
as the PROX layer 12 may be provided independently of 
the reformer 82, and the outermost layer of the reformer 

30 82 may be formed by only the shift layer 1 1 . 

[0090] Fig. 7 shows still another example of the 
compact, lightweight, single-pipe cylinder type reformer 
of the present invention as the fourth embodiment of the 
present invention. 

35 [0091] As shown in Fig. 7, in a reformer 83, a sub- 
shift layer 27 is formed on an upper portion (down- 
stream side) of a heat recovery layer 50. A second shift 
layer 1 1b is also formed in an annular flow path on the 
outermost layer, and the shift layer 11b and a PROX 

40 layer 12 are separately formed on the outermost layer. 
The length of the annular flow path defined by a shift 
layer 1 1 a and the PROX layer 12 and/or the second shift 
layer 1 1b in the axial direction is smaller than that of the 
heat recovery layer 50, and the lower end portions of 

45 these layers do not reach a portion near the bottom por- 
tion of an outer cylinder 10. In addition, the space 
between the outer cylinder 1 0 and a bottom plate 76, 
the space between the bottom plate 76 and a bottom 
plate 78, the space around the heat recovery layer 50, 

so i.e., the space between a sixth inner cylinder 66 and the 
outer cylinder 10, and the space between the heat 
recovery layer 50 and a shift layer 1 1 , i.e., the space 
between the sixth inner cylinder 66 and a fifth inner cyl- 
inder 65, are filled with a heat insulator 53. 

55 [0092] In addition, a partition plate 1 7 is disposed in 
an annular flow path in the outermost layer formed 
between first and second inner cylinders 61 and 62, i.e., 
between the second shift layer 1 1 b and the PROX layer 
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12, so the shift layer 11b and the PROX layer 12 are 
separated from each other by the partition plate 17. 
Eight outlets 23 are formed in the downstream outer 
wall of the shift layer 1 1 b at almost equal intervals in the 
circumferential direction. One inlet 25 is formed in the 5 
upstream outer wall of the PROX layer 12 to oppose the 
position of a supply port 30 for PROX air. 
[0093] The function of the reformer 83 will be 
described next. 

[0094] Since the space between the outer cylinder 10 
10 and the bottom plate 76 and the space between the 
bottom plate 76 and the bottom plate 78 are filled with 
the heat insulator, dissipation of heat from a portion 
near the bottom portion can be prevented to prevent an 
unnecessary heat loss from the reformer 83. This 15 
improves the thermal efficiency. In addition, since the 
space between the circumferential portion of the heat 
recovery layer 50 and the outer cylinder 10 and the 
space between the heat recovery layer 50 and the shift 
layer 1 1 are filled with the heat insulator, the transfer of 20 
heat from the heat recovery layer 50 can be prevented, 
and a heat loss in the heat recovery layer 50 can be 
reduced. This can also suppress a rise in the tempera- 
ture of the shift layer 1 1 and maintain its temperature at 
a predetermined temperature. Note that the formation of 25 
the heat insulator 53 near the bottom portion is not lim- 
ited to the above example and may be applied to the 
reformer 81 or 82 shown in Fig. 3 or 6. 
[0095] Since the annular flow path defined by the 
shift layer 11a, second shift layer 11b, and the PROX 30 
layer 12 is shortened in the axial direction, the amount 
of heat transferred from the heat recovery layer 50 to 
the shift layer 11a and second shift layer 11b can be 
reduced, and the temperature of the shift layer which is 
likely to be overheated by the heat from the heat recov- 35 
ery layer 50 can be maintained at a proper temperature, 
thus preventing a decrease in CO conversion ratio in the 
shift layer. 

[0096] Since the sub-shift layer 27 is formed on the 
upper portion of the heat recovery layer 50, i.e., the 40 
downstream side, a rise in the temperature of the sub- 
shift layer 27 can be quickened. Since the catalyst effect 
of the sub-shift layer 27 is quickly activated immediately 
after start-up operation, the starting time required for 
the reformer 83 can be shortened. A length for the sub- 45 
shift layer 27 is properly selected in accordance with a 
reduction in starting time by the formation of the sub- 
shift layer 27, the degree of overheating of the sub-shift 
layer 27 in a steady operation period, and the like. 
[0097] In the above example, the sub-shift layer 27 so 
is continuously formed on the upstream side of the shift 
layer 11a. However, the present invention is not limited 
to this arrangement. A single-pipe cylinder type 
reformer may be formed by using only the sub-shift layer 
27, and a catalyst unit or the like having main shift layers ss 
and the like may be independently connected to the sin- 
gle-pipe cylinder type reformer. In this case as well, a 
rise in the temperature of the sub-shift layer 27 in the 



single-pipe cylinder type reformer is quickened, and a 
catalyst reaction in the sub-shift layer 27 can be caused 
at an early stage, thus shortening the starting time and 
the like. 

[0098] The eight outlets 23 are formed in the down- 
stream outer wall of the second shift layer 1 1 b at almost 
equal intervals in the circumferential direction, and one 
inlet 25 is formed in the upstream outer wall of the 
PROX layer 12 to oppose the supply port 30 for PROX 
air. With this arrangement, a reformed gas passing 
through the second shift layer is discharged from the 
video signal processing/switching circuit 23 and merges 
with the air supplied from the air supply port 30 in a 
space 31 . The reformed gas merging with the air is fed 
into the PROX layer 12 via the inlet 25. 
[0099] Since the reformed gas passing through the 
shift layer 1 1 reliably merges with air, and only one inlet 
25 is formed, the reformed gas and the air are suffi- 
ciently mixed when they are fed from the inlet 25. Since 
the reformed gas is fed into the PROX layer 12 after the 
gas and air are sufficiently agitated, a selective oxidizing 
reaction is efficiently performed. As a consequence, the 
amount of hydrogen consumed in the selective oxidizing 
reaction can be minimized to reduce the CO concentra- 
tion to a predetermined value or less. 
[0100] In the above example, the second shift layer 
1 1b is formed on the lower portion of the PROX layer 12. 
However, the second shift layer 1 1 b need not be formed 
on the lower portion of the PROX layer 12. In this case, 
a reformed gas passing through the shift layer 1 1a is 
discharged into the space 31 and agitated together with 
air. The gas is then fed into the PROX layer 12. Alterna- 
tively, the overall structure may be formed by the second 
shift layer 1 1 without forming the PROX layer 12. In this 
case, a unit or the like having a CO selective oxidizing 
function is connected to the above structure, as needed. 
[0101] The heat insulator need not always be 
charged into all the portions described above. Charging 
of a heat insulator may be properly omitted in accord- 
ance with various conditions, e.g., the length of each 
portion of the reformer 83, operating temperature, and 
the intervals between the respective portions. In addi- 
tion, the eight outlets 23 are formed at almost equal 
intervals in the circumferential direction, and one inlet 
25 is formed. However, the present invention is not lim- 
ited to this, and inlets may be formed at a plurality of 
positions. 

Claims 

1. A single-pipe cylinder type reformer characterized 
by comprising an upright outer circular cylinder, a 
circular cylinder concentrically located inside said 
outer cylinder at a distance in a radial direction, cir- 
cular intermediate cylinder means concentrically 
located between said outer cylinder and said inner 
cylinder at a distance in the radial direction, a circu- 
lar radiation cylinder concentrically located inside 
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using said radiation cylinder as part of a heat trans- 
fer surface. 

8. A single-pipe cylinder type reformer according to 
5 any one of claims 1 , 6, and 7, characterized by fur- 
ther comprising a preheat layer formed on the 
upstream side of said reforming catalyst layer and 
filled with a filler functioning as a heat transfer pro- 
moting member. 

10 

9. A single-pipe cylinder type reformer according to 
any one of claims 6 to 8, characterized by further 
comprising a heat recovery layer formed at an outer 
peripheral flow path position adjacent to said 

is reforming catalyst layer such that said heat recov- 
ery layer communicates with said reforming cata- 
lyst layer and has an outlet located at the adjacent 
outer peripheral flow path portion corresponding to 
an inlet of said preheat layer. 

20 

10. A single-pipe cylinder type reformer according to 
claim 9, characterized in that said heat recovery 
layer is filled with a filler having a representative 
length corresponding to 1/2 to 1/5 a flow path width 

25 of said heat recovery to improve a heat transfer 
effect. 



25 

said inner cylinder at a distance in the radial direc- 
tion, a burner fixed to one end portion of said 
reformer in an axial direction to be located in the 
center of the radiation cylinder in the radial direc- 
tion, and a plurality of annular flow paths formed in 
laminar shapes in the radial direction between said 
inner cylinder and said intermediate cylinder means 
and between said intermediate cylinder means and 
said outer cylinder, said annular flow paths being at 
least partly filled with a reforming catalyst serving 
as a reforming catalyst layer and communicating 
with each other, 

wherein end portions of said outer and inner cylin- 
ders in the axial direction which are located on a 
side opposite to a position where said burner is 
fixed are sealed with different cover plates such that 
the cover plates are located at a predetermined dis- 
tance away from each other, thereby forming a dou- 
ble-bottom structure. 

2. A single-pipe cylinder type reformer according to 
claim 1 , characterized in that said burner is fixed to 
an upper end of said reformer, and said cover 
plates are respectively mounted on lower ends of 
said outer and inner cylinders. 

3. A single-pipe cylinder type reformer according to 
claim 1 , characterized in that said burner is fixed to 
a lower end of said reformer, and said cover plates 
are respectively mounted on upper ends of said 
outer and inner cylinders. 

4. A single-pipe cylinder type reformer according to 
claim 1, characterized by further comprising a 
steam generator inside or outside said reformer. 

5. A single-pipe cylinder type reformer according to 
claim 1 , characterized in that said single-pipe cylin- 
der type reformer is used in combination with a fuel 
cell using said single-pipe cylinder type reformer. 

6. A single-pipe cylinder type reformer according to 
claim 1 , characterized in that said circular interme- 
diate cylinder means comprises a plurality of inter- 
mediate cylinders concentrically arranged at 
intervals, and a plurality of annular flow paths com- 
municating with each other and being at least partly 
filled with a reforming catalyst serving as a reform- 
ing catalyst layer are respectively formed between 
said inner cylinder and the innermost intermediate 
cylinder, between said adjacent intermediate cylin- 
ders, and between the outermost intermediate cyl- 
inder and said outer cylinder. 

7. A single-pipe cylinder type reformer according to 
any one of claims 1 and 6, characterized by further 
comprising a steam generator mounted one side of 
said radiation cylinder in the axial direction and 



11. A single-pipe cylinder type reformer characterized 
by comprising an upright outer circular cylinder, a 
circular cylinder concentrically located inside said 
outer cylinder at a distance in a radial direction, a 
plurality of circular intermediate cylinders concentri- 
cally located between said outer cylinder and said 
inner cylinder at distances from each other in the 
radial direction, a circular radiation cylinder concen- 
trically located inside said inner cylinder at a dis- 
tance in the radial direction, a burner fixed to one 
end portion of said reformer in an axial direction to 
be located in the center of the radiation cylinder in 
the radial direction, and a plurality of annular flow 
paths formed in laminar shapes in the radial direc- 
tion between said inner cylinder and the innermost 
intermediate cylinder, between said adjacent inter- 
mediate cylinders, and between the outermost 
intermediate cylinder and said outer cylinder, said 
annular flow paths being at least partly filled with a 
reforming catalyst serving as a reforming catalyst 
layer and communicating with each other, compris- 
ing: 

a heat recovery layer located in an annular flow 
path corresponding to an adjacent outer 
peripheral portion of said reforming catalyst 
layer so as to communicate with said reforming 
catalyst layer; 

a CO converter catalyst layer located in an 
annular flow path on an outer peripheral side of 
said heat recovery layer; 
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a CO selective oxidizing catalyst layer and/or a 
second CO converter catalyst layer located in 
an annular flow path on an outer peripheral 
side of said CO converter catalyst layer so as to 
communicate with said CO converter catalyst 5 
layer; and 

a cooling fluid path which serves as a double 
annular flow path in the radial direction and 
allows a cooling fluid to pass, said cooling fluid 
path being formed by interposing one interme- 10 
diate cylinder between said CO converter cata- 
lyst layer and said CO selective oxidizing 
catalyst layer and/or said second CO converter 
catalyst layer. 



12. A single-pipe cylinder type reformer according to 
claim 1 1 , characterized in that said heat recovery 
layer is filled with a filler having a representative 
length corresponding to 1/2 to 1/5 a width of said 
annular flow path to improve a heat transfer effect. 

13. A single-pipe cylinder type reformer according to 
claim 11 or 1 2, characterized in that said reformer is 
cooled by passing any one of reforming water, a ref- 
ormation material gas, and combustion air or a 
combination of at least two thereof in said cooling 
fluid path. 

14. A single-pipe cylinder type reformer according to 
any one of claims 1 1 to 13, characterized in that a 
double-bottom structure is formed by separating a 
bottom plate of said inner cylinder from a bottom 
plate of said intermediate cylinder forming an outer 
wall of said heat recovery layer. 

15. A single-pipe cylinder type reformer according to 
any one of claims 11 to 14, characterized in that 
spaces serving as heat insulating layers are formed 
between the intermediate cylinder forming the outer 
wall of said heat recovery layer and the intermedi- 
ate cylinder forming an inner wall of said CO con- 
verter catalyst layer, and between a bottom plate of 
the intermediate cylinder forming the outer wall of 
said heat recovery layer and a bottom plate of the 
intermediate cylinder forming the inner wall of said 
CO converter catalyst layer. 

16. A single-pipe cylinder type reformer according to 
any one of claims 11 to 15, characterized in that an 
annular air path communicating with an air supply 
port on one side is formed between the outermost 
intermediate cylinder forming an outer wall of said 
CO selective oxidizing catalyst layer and said outer 
cylinder, a space communicating with the air path is 
formed between a bottom plate of the outermost 
intermediate cylinder forming the outer wall of said 
CO selective oxidizing catalyst layer and a bottom 
plate of said circular outer cylinder, and air inlets 



are formed in a side wall of the outermost interme- 
diate cylinder forming the outer wall of said CO 
selective oxidizing catalyst layer and/or a bottom 
plate of the outermost intermediate cylinder to 
evenly supply air into said CO selective oxidizing 
catalyst layer. 

17. A single-pipe cylinder type reformer according to 
any one of claims 11 to 16, characterized in that 
said CO selective oxidizing catalyst layer comprises 
a CO-selective-oxidizing-catalyst-filled layer, and 
an air mixing layer formed on an upstream side of 
the CO-selective-oxidizing-catalyst-filled layer, and 
the air inlet is formed on an upstream side of the air 
mixing layer. 

18. A single-pipe cylinder type reformer according to 
claim 17, characterized in that the air mixing layer is 
filled with a spreading promoting filler having a rep- 

20 resentative length of 1/3 to 1/1 0 a flow path width of 
the air mixing layer. 

19. A single-pipe cylinder type reformer according to 
any one of claims 11 to 18, characterized in that 

25 reforming water is fed into the cooling fluid path to 
absorb reaction heat in said CO converter catalyst 
layer and said CO selective oxidizing catalyst layer 
and/or said second CO converter catalyst layer, 
thereby heating and vaporizing the reforming water. 

30 

20. A single-pipe cylinder type reformer characterized 
by comprising an upright outer circular cylinder, a 
circular cylinder concentrically located inside said 
outer cylinder at a distance in a radial direction, a 

35 plurality of circular intermediate cylinders concentri- 
cally located between said outer cylinder and said 
inner cylinder at distances from each other in the 
radial direction, a circular radiation cylinder concen- 
trically located inside said inner cylinder at a dis- 
40 tance in the radial direction, a burner fixed to one 
end portion of said reformer in an axial direction to 
be located in the center of the radiation cylinder in 
the radial direction, and a plurality of annular flow 
paths formed in laminar shapes in the radial direc- 
45 tion between said inner cylinder and the innermost 
intermediate cylinder, between said adjacent inter- 
mediate cylinders, and between the outermost 
intermediate cylinder and said outer cylinder, said 
annular flow paths being at least partly filled with a 
so reforming catalyst serving as a reforming catalyst 
layer and communicating with each other, compris- 
ing: 

a steam generator formed on one side of said 
55 radiation cylinder and using said radiation cyl- 

inder as part of a heat transfer surface; 
a preheat layer formed on an upstream side of 
said reforming catalyst layer and functioning as 
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a heat transfer promoting portion; 
a heat recovery layer located in an annular flow 
path corresponding to an adjacent outer 
peripheral portion of said reforming catalyst 
layer so as to communicate with said reforming 
catalyst layer; 

a CO converter catalyst layer located in an 
annular flow path on an outer peripheral side of 
said heat recovery layer; 
a CO selective oxidizing catalyst layer and/or a 
second CO converter catalyst layer located in 
an annular flow path on an outer peripheral 
side of said CO converter catalyst layer so as to 
communicate with said CO converter catalyst 
layer; and 

a cooling fluid path which is formed by interpos- 
ing one intermediate cylinder between said CO 
converter catalyst layer and said CO selective 
oxidizing catalyst layer and/or said second CO 
transforming layer, serves as a double annular 
flow path in the radial direction, and allows a 
cooling fluid to pass. 

21- A single-pipe cylinder type reformer according to 
any one of claims 11 to 14, characterized in that at 
least one of annular spaces formed between a bot- 
tom plate of said outer cylinder and a bottom plate 
of the intermediate cylinder forming an outer wall of 
said heat recovery layer, between the intermediate 
cylinder forming the outer wall of said heat recovery 
layer and the outer cylinder, and between said inter- 
mediate cylinder forming the outer wall of said heat 
recovery layer and the intermediate cylinder form- 
ing an inner wall of said CO converter catalyst layer 
is filled with a heat insulator. 

22. A single-pipe cylinder type reformer according to 
any one of claims 9 to 12, characterized in that a 
sub-CO converter catalyst layer is formed on a 
downstream side of said heat recovery layer. 

23. A single-pipe cylinder type reformer according to 
any one of claims 1 1 to 14 and 21 and 22, charac- 
terized in that a length of the annular flow path 
including said CO converter catalyst layer, said 
cooling fluid path, and said CO selective oxidizing 
catalyst layer and/or said second CO converter cat- 
alyst layer in the axial direction is smaller than a 
length of the annular flow path including said 
reforming catalyst layer and said heat recovery 
layer in the axial direction. 

24. A single-pipe cylinder type reformer according to 
claim 11, characterized in that an outermost annu- 
lar flow path formed between said circular outer cyl- 
inder and the outermost intermediate cylinder is an 
air path, the air path communicates with the air sup- 
ply port on one side, and outlet means which is 



formed in a side wall of said outermost intermediate 
cylinder throughout a circumferential direction such 
that a reformed gas passing through a second outer 
annular path formed between said outermost inter- 
5 mediate cylinder and the second outermost inter- 

mediate cylinder and located adjacent to the 
outermost annular flow path is temporarily dis- 
charged into the air path. 

w 25. A single-pipe cylinder type reformer according to 
claim 24, characterized in that the second outer 
annular path is said CO selective oxidizing catalyst 
layer. 

75 26. A single-pipe cylinder type reformer according to 
claim 25, characterized in that said reformer further 
comprises partition means disposed in the second 
outer annular path through a gap to divide said CO 
selective oxidizing catalyst layer into at least two 

20 layers near a downstream side of said outlet means 
in the axial direction, and an inlet formed in a side 
wall of said outermost intermediate cylinder and 
located near a downstream side of said partition 
means, and a reformed gas passing through said 

25 CO selective oxidizing catalyst layer on an 
upstream side is temporarily discharged from the 
outlet into the air path to merge with air in the air 
path, and the reformed gas mixed with the air is fed 
from the inlet into said CO selective oxidizing cata- 

30 lyst layer on a downstream side. 

27. A single-pipe cylinder type reformer according to 
claim 24, characterized in that the annular path 
adjacent to said outermost annular path is said CO 

35 selective oxidizing catalyst layer and said second 
CO converter catalyst layer. 

28. A single-pipe cylinder type reformer according to 
claim 27, characterized in that said reformer further 

40 comprises partition means disposed in the second 
outer annular path through a gap to separate said 
CO selective oxidizing catalyst layer from said sec- 
ond CO converter catalyst layer, and an inlet 
formed in a side wall of said outermost intermediate 

45 cylinder and located near a downstream side of 
said partition means, and a reformed gas passing 
through said second CO converter catalyst layer is 
temporarily discharged from the outlet into the air 
path to merge with air in the air path, and the 

so reformed gas mixed with the air is fed from the inlet 
into the combined cycle power plant again. 

29. A single-pipe cylinder type reformer according to 
any one of claims 26 and 28, characterized in that 

55 the inlet is formed at only one position. 

30. A single-pipe cylinder type reformer according to 
claim 29, characterized in that the inlet is formed on 
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a side opposite to the air supply port in the radial 
direction of said reformer. 

31. A single-pipe cylinder type reformer according to 
any one of claims 21 to 30, characterized in that s 
reforming water is fed into the cooling fluid path to 
absorb reaction heat in said CO converter catalyst 
layer and said CO selective oxidizing catalyst layer 
and/or said second CO converter catalyst layer, 
thereby heating and evaporating the reforming 10 
water. 

32. A single-pipe cylinder type reformer according to 
any one of claims 11 to 20, characterized in that 
said single-pipe cylinder type reformer is used in 15 
combination with a polymer electrolyte fuel cell 
using said single-pipe cylinder type reformer. 

33. A single-pipe cylinder type reformer according to 
any one of claims 21 to 31 , characterized in that 20 
said single-pipe cylinder type reformer is used in 
combination with a polymer electrolyte fuel cell 
using said single-pipe cylinder type reformer. 

34. A method of operating a single-pipe cylinder type 25 
reformer including an upright outer circular cylinder, 

a circular cylinder concentrically located inside the 
outer cylinder at a distance in a radial direction, cir- 
cular intermediate cylinder means concentrically 
located between the outer cylinder and the inner 30 
cylinder at a distance in the radial direction, a circu- 
lar radiation cylinder concentrically located inside 
the inner cylinder at a distance in the radial direc- 
tion, a burner fixed to one end portion of the 
reformer in an axial direction to be located in the 35 
center of the radiation cylinder in the radial direc- 
tion, a plurality of annular paths respectively formed 
between the inner cylinder and the intermediate 
cylinder means and between the intermediate cylin- 
der means and the outer cylinder and communicat- 40 
ing with each other, the annular paths being at least 
partly filled with a reforming catalyst, and a steam 
generator disposed inside or outside the reformer, 
characterized by comprising: 

45 

the step of supplying saturated or superheated 
steam extracted from a saturated or super- 
heated steam outlet of the steam generator, 
together with a reformation material gas, in 
start-up operation in which an internal temper- so 
ature of the reformer is not more than a prede- 
termined temperature; 

the step of closing the saturated or super- 
heated steam outlet and opening a wet steam 
outlet of the steam generator to supply wet 55 
steam together with a reformation material gas 
when the internal temperature exceeds the 
predetermined temperature; and 
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the step of performing steam reforming for a 
reformation material gas in the annular flow 
path. 

35. A method of operating a single-pipe cylinder type 
reformer including an upright outer circular cylinder, 
a circular cylinder concentrically located inside the 
outer cylinder at a distance in a radial direction, a 
plurality of circular intermediate cylinders concentri- 
cally located between the outer cylinder and the 
inner cylinder at distances from each other in the 
radial direction, a circular radiation cylinder concen- 
trically located inside the inner cylinder at a dis- 
tance in the radial direction, a burner fixed to one 
end portion of the reformer in an axial direction to 
be located in the center of the radiation cylinder in 
the radial direction, a plurality of annular flow paths 
formed between the inner cylinder and the inner- 
most intermediate cylinder, between the adjacent 
intermediate cylinders, and between the outermost 
intermediate cylinder and the outer cylinder, the 
annular flow paths being at least partly filled with a 
reforming catalyst serving as a reforming catalyst 
layer and communicating with each other, a preheat 
layer formed on an upstream side of the reforming 
catalyst layer and functioning as a heat transfer pro- 
moting portion, a steam generator formed on one 
side of the radiation cylinder and using the radiation 
cylinder as part of a heat transfer surface, a heat 
recovery layer located in an annular flow path corre- 
sponding to an adjacent outer peripheral portion of 
the reforming catalyst layer so as to communicate 
with the reforming catalyst layer, a CO converter 
catalyst layer located in an annular flow path on an 
outer peripheral side of the heat recovery layer, a 
CO selective oxidizing catalyst layer and/or a sec- 
ond CO converter catalyst layer located in an annu- 
lar flow path on an outer peripheral side of the CO 
converter catalyst layer so as to communicate with 
the CO converter catalyst layer, and a cooling fluid 
path which is formed by interposing one intermedi- 
ate cylinder between said CO converter catalyst 
layer and said CO selective oxidizing catalyst layer 
and/or said second CO converter catalyst layer and 
serves as a double annular flow path in the radial 
direction, said cooling fluid path communicating 
with a reformation material gas inlet on one side to 
allow a reformation material gas as a cooling fluid, 
which is to be reformed, to pass and having a cool- 
ing fluid path communicating with said reforming 
catalyst layer on the other side, characterized by 
comprising: 

the step of supplying saturated or superheated 
steam extracted from a saturated or super- 
heated steam outlet of the steam generator, 
together with a reformation material gas, in 
start-up operation in which an internal temper- 
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ature of the reformer is not more than a prede- 
termined temperature; 

the step of closing the saturated or super- 
heated steam outlet and opening a wet steam 
outlet of the steam generator to supply wet 5 
steam together with a reformation material gas 
when the internal temperature exceeds the 
predetermined temperature; and 
the step of vaporizing the reforming water by 
absorbing reaction heat from the CO converter io 
catalyst layer and/or the CO selective oxidizing 
catalyst layer in the cooling fluid path. 

36. A method of operating a single-pipe cylinder type 
reformer according to claim 35, characterized in 15 
that opening/closing of the wet steam outlet is reg- 
ulated in accordance with a variation in operation 
condition due to variation in load so as to maintain 
a temperature at an outlet of the CO converter cat- 
alyst layer and a temperature of the CO selective 20 
oxidizing catalyst layer and/or the second CO con- 
verter catalyst layer at a predetermined tempera- 
ture. 
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